Abstract: Canine angiostrongylosis, caused by the nematode Angiostrongylus vasorum, is an emerging cardiopulmonary disease in Europe which can be fatal if left untreated. We determined the diagnostic value of the specific detection of antibodies against A. vasorum adult somatic antigen, adult excretory/secretory (E/S) antigen and first stage larvae (L1) somatic antigen in ELISAs. Also, A. vasorum adult somatic antigen purified by monoclonal antibodies (mAb) was evaluated in a sandwich-ELISA. Among the crude antigens, the best sensitivities when testing 21 naturally infected dogs were obtained using adult E/S and somatic antigen (85.7% and 76.2%, respectively), which were comparable with the results of the sandwich-ELISA based on mAb-purified antigens (81%). The ELISA performed with L1 antigen had the lowest sensitivity (42.9%). In experimentally inoculated dogs, the sensitivities ranged from 97.7% to 100% with all test settings. The specificity was 98.8% (92.5-99.9%, 95% CI) with all ELISAs using sera of 82 randomly selected dogs. Cross-reactions using adult somatic, adult E/S and L1 somatic antigen were observed in sera of dogs infected with Crenosoma vulpis, Dirofilaria immitis, Dirofilaria repens, and Eucoleus aerophilus. In contrast, using the mAb-purified antigens, the cross-reactions were minimal. Depending on the antigens used, specific antibodies were detected starting between 13 and 21 days post experimental inoculation (dpi), and at latest between 35 and 48 dpi, thus before or around the onset of patency. The serological follow-up of four A. vasorum-infected dogs after anthelmintic treatment at 88 dpi showed a decrease of antibody levels after drug administration, and the animals became seronegative 2-9 weeks later. Two untreated dogs remained seropositive. In four dogs treated 4 dpi, virtually no antibody-reaction was detectable, with the exception of the ELISA performed with L1 antigen. The early detection of specific antibodies against A. vasorum by ELISA represents a valid alternative for a reliable diagnosis and for follow-up investigations after anthelmintic treatment. 
1

Detection of specific antibodies in dogs infected with
Introduction
40
The currently most employed diagnostic method for the detection of Angiostrongylus vasorum 41 infection, which can cause a potentially lethal disease in dogs, is based on the isolation of first However, in cases of low worm burdens and when analysing posted faecal samples that arrive 46 with delay at the laboratory and therefore contain inactive or dead larvae, sensitivity is 3 reduced and morphological differentiation from other lung worm larvae such as Crenosoma 48 vulpis and Filaroides spp. is challenging (Eckert et al., 2008; McGarry and Morgan, 2009) . 49 Also, larvae should be differentiated from those of Strongyloides and/or hookworms that may 50 be present in delayed samples, and from free-living or plant parasitic nematodes that may 51 occur in samples collected from the ground.
52
FLOTAC, a technique based on the counting of larvae in chambers after spinning faecal 53 samples onto a surface, is suggested to improve the diagnosis of A. vasorum, especially when 54 larval migration techniques cannot be used (Schnyder et al., 2010b 14 days post inoculation (dpi) (Cury et al., 1996) . In this study, the pre-absorption of sera with 71 extracts of Toxocara canis increased the specificity of antibody detection. However, cross- were not analysed by Baermann-Wetzel technique for exclusion of larval excretion.
106
Specificity was determined with randomly selected sera of 82 dogs presented at the Clinic for antigen were cultivated and supernatants concentrated as described (Schnyder et al., 2011) .
154
Isotypes were determined using a monoclonal antibody isotyping kit (Ap/PNPP, Pierce,
155
Rockford, Illinois, USA). Inc., Gaithersburg, MD, USA) were used at a dilution of 1:250 in PBS-T (100 µl per well). 
ELISA using mAb-based purified A. vasorum adult somatic antigen
185
A sandwich-ELISA coating with mAbs was used to select potentially diagnostic antigens 186 isolated from the A. vasorum adult somatic antigen. The mAbs were used at concentrations of 187 1 µg/ml or 5 µg/ml, depending on the results of titration experiments. Adult somatic antigen 188 of A. vasorum was diluted at 10 µg/ml in PBS-T. Dog sera, conjugate and substrate were used 189 as previously described. In order to further select mAbs with potential for diagnostic use, this (Tables 1 and 2 pronounced cross-reactions (40% using the E/S antigen, 100% using the adult somatic antigen 229 and 80% using the L1 antigen). Seventeen percent of the sera from dogs tested positive for the 230 presence of E. aerophilus exceeded the cut-off-value using the E/S antigen, 50% using the 231 adult somatic antigen and 17% using the L1 antigen. Experimentally infected dogs seroconverted between 13 and 21 dpi, depending on the 242 antigens used (Fig. 1) . The earliest specific antibody detection was at day 13 (5 of the 6 dogs 
247
In both ELISAs with purified antigens, a sharp increase of specific antibodies was depicted at (Fig. 1) .
252
Declining antibody levels below the cut-off-value with all adult antigens were observed in 253 four dogs after treatment (88 dpi, Fig. 1 ). Antibody decrease below the threshold required 2 -254 9 weeks, depending on the intensity of antibody reactions before the treatment, and the 255 ELISA adopted. In contrast, specific antibody levels persisted in 2 dogs without treatment 256 (Fig.1) . Five dogs already treated at 4 dpi showed no specific reactions against both adult 257 antigens, with one exception (reactions just above the cut-off-value). However, using the L1 258 somatic antigen, a positive peak around 21-35 dpi in 3 of these 5 dogs was observed (Fig. 2,   259 right side). Interestingly, no antibody increase with the same sera was observed against the 260 mAb-purified antigens (Fig. 2) . In contrast, dogs treated at 32 dpi (still in the pre-patent 261 period) showed positive antibody reactions until the end of the experiment at 55 dpi (Fig. 2,   262 left side) in almost all cases.
264
Discussion
265
Comparing crude antigens of A. vasorum (adult E/S antigen, adult somatic antigen and L1 266 somatic antigen), a high sensitivity in naturally infected dogs was obtained using both, adult 267 E/S and somatic antigen. In a previous experimental study using adult somatic antigens (Cury 268 et al., 1996) , no indications concerning sensitivity were given. In the same study, anti -A.
269
vasorum antibodies were detected starting from 14 dpi, however, some dogs remained 
301
Specific antibodies were regularly detected between 13 and 21 dpi, depending on the antigens 302 used. Earliest antibody-responses were obtained using L1 antigen, followed by the adult E/S 303 antigen. Also, tests performed using mAb-based purified antigens detected antibodies 304 between 35 and 48 dpi, thus before or around beginning of patency. In dogs treated at 4 dpi, 305 poor antibody-reactions were observed, indicating that both mAbs used might be directed 306 against epitopes of pre-adult and adult stages. at that time point of infection, sharing common epitopes (Guilhon and Cens, 1973 ).
316
Concerning the decision which of the crude antigens could be routinely employed, it has to be 317 taken into consideration that the production of A. vasorum adult E/S antigen is not only time- Table 1 484 ³ Sera of experimentally infected dogs (kindly provided from the Institute for Parasitology,
485
University of Veterinary Medicine, Hannover) 
